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TEE  SNOW  EHISSIvITY  M5TB2 
ai;d  its  use  in  e^^aluating  the  EMISSIVITY  0? 
ICE,  FROZEN  GROUND  AND  OTHER  MATERIALS 


Introduction 

Ths  research  program  reported  heroin  ■was  conducted  under  'Mis  auspices  of 
tho  Snow.  Ice  and  Permafrost  Research  Establishment  cf  the  Corps  of  Engineers 
of  the  U.  S.  Army  as  a part  cf  Contrast  DA-11- 190-ENG-3 . An  objecti-^e  of  this 
contract  is  ths  msaouiement  of  the  total  emissi-yity  and  absorptivity  cf  ■wet 
and  dry  snow,  ice,  frosen  ground  and  materials  used  in  the  arctic  regions.  To 
aocomplieh  this,  an  instrument,  the  Snow  Emi.ssivitj  Meter,  was  designed  uti- 
lising a mirror  to  focus  the  incident  energy  upon  a thermopile  detector  and  an 
ideal  radiator  for  controlling  radiation  from  the  surrounds*  The  preli^liary 
results  cctaSnsd  from  l&bcratory  temnirg  asrcis* 

Description  of  Apparatus 

The  basic  design  ■was  previously  described  in  the  Progress  Report  for  the 
year  June  27,  1952  to  June  27,  1953  of  the  Snow  Characteristics  Research  Project, 
Series  62,  Issue  1.  dnted  June  27,  1953.  In  brief,  a double  walled  hohlraum 
through  which  isothermal  fluids  may  be  circulated  is  placed  over  ths  sample 
surface.  The  energy  emitted  by  the  sample  surface  passes  through  an  opening  in 
tho  upper  wall  of  the  hohlraum  and  is  intercepted  by  a first  surface  spherical 
mirror  ■which  focuses  the  energy  upon  tho  thermopile  detector.  The  det.ector  is 
a ■wire  wound  silver-consiantan  thermopile  3/8  inches  wide  and  has  approximately 
GO  active  differential  junctions.  The  receiver  strip  is  0.33  inches  in  diameter, 
the  diameter  of  the  image  of  the  opening  in  the  hohlraum.  A sohematic  diagram 
of  the  optical  system  and  construction  detniln  of  the  whole  instrumout  are 
given  in  Figures  1 and  2 . 

An  energy  balance  upon  the  sample  and  a radiaticn  shield  used  as  a zero 
reference,  yields  the  following  equationi 


^ h*h-’’s^  ' ^ 


C • constant,  defined  by  equation  (2) 

© ■ emissivity  or  ©mittance 

F a geoE'stric&l  sl'ere  factor 

K » calibration  constant  of  the  detector  - BTU/hrft  /mv 
T ■ temperature  - °R 

V • detector  output  - nr 

A ■ difference 

C • Stef&n-Boltzmaim  constant  - 1.72  x 10'®  BTU/4ir  °R^ 
Subscripts 

h “ hfittlraum 

4 ■»  sempla  wl'Sk  .l^spsct  to  wi 

liohlraum 

RM  ■ receiver  with  respect  to  mirror 


^ * F®JT'pl-S  S*Jir*^S,C'C 

X ■ upper  and  lower  cylinders  and  upper  surface  of  hohlraum  with 
respect  to  mirror 

1 ’ shield 


The  value  of  C is  defined  by 

F F 

C = 1 . p + - F.  + (2 ) 

° -KM  n ^'RM 


The  derivation  of  these  equations  is  shown  in  Appendix  I. 

Equation  (l)  maybe  solved  for  the  emissivity  of  the  surface,  thusly* 

- c(Tt-rJ) 


XUiA 


^ *4 


The  term  AV  is  the  difference  obtained  when  viewing  the  sample  surface  and  the 
reference  shield.  The  constants  shown  in  the  above  aquations  weres 
C - 1.149 


n4  ,4, 


/t  \ 
J 


F 


rci! 


0.197 


0.0262 


0.175 


Pt». 

F,.  - 0,974 


The  temperature  of  the  hohlrainri  was  measured  with  four  C'u-Co  thermoccuples 
squally  spaced  on  the  inner  ■Brails,  The  shield  temperature  was  measured  -with  a 
Cu-Co  therTnooouple  peened  to  the  I’pper  surface  of  the  radiation  shield.  For 
laboratory  purposes,  thermocouples  werci  also  placed  in  the  detector  holder  and 
in  the  air  colucm.  The  sample  surface  temperature  was  determined  with  thermo- 
counles  embedded  in  the  sample  along  the  surface.  This  insured  that  the  leads 
■were  in  an  isothermal  environment  and  reduced  heat  losses  from  the  thermocouple 


The  hohlraum  ■was  maintained  in  an  isothermal  condition  by  circulating  water 
through  the  double  ■walls.  The  temperature  was  maintained  at  a level  bs-twssn  50 
and  70“?.  Pizperience  showed  that  this  level  provided  the  most  stable  convective 
conditions  ■within  the  air  ccltmin  surrounding  the  detector.  This  temperature 
did  not  cause  the  samples  to  melt  as  the  base  was  well  insulated  from  the  sample 
by  the  bakelite  ring . 

The  instrument  ■was  set  in  a deep  freezer.  The  level  of  the  top  of  the 
freezing  compartment  was  approximate ly  the  level  of  the  slot  in  the  lo^wer 
cylinder  provided  for  insertion  of  the  reference  radiation  «hield.  The  upper 
cylindar  was  therefore  exposed  to  the  warm  ambient  room  air.  This  procedure 
was  found  to  be  necessary  to  reduce  "fogging"  of  the  mirror  and  assisted  in 
sbablllf. iiig  th«j  air  Column  within  the  instrument. 

The  detector  was  calibrated  by  placing  the  instru2aient  over  the  opening  of 
an.  ideal  radiator.  The  hohlra\m>  was  a cylinder  immersed  in  a water  (or  ice) 
jacket,  blackened  on  the  inside  and  having  dimensions  of  5 inches  inside 
diameter  and  6 inches  deep.  These  dimensions  combined  with  the  emissivity  of 
the  internal  coating  provided  the  requisite;  conditions  for  Planckian  radiation 


‘.Buckley  1334}=  The  constant  was  datemined  for  a source  temperature  range  of 

20  to  70°F  and  a curve  of  the  resultant  oalibration  is  shown  in  Figure  3^  The 
maximum  deviation  of  the  experimental  calibration  from  the  mean  value  of  30=6 
BrU^4irft^  ECT  was  less  than  1.0  percent, 
a 

A.  Soils 


Moisture  Content 
Percent  Dry  'Jfft . 

( approximate ly ) 

-! 

Range 

Ts 

op 

Range 

Th 

op 

®8 

Soil  1 

50  (saturated) 

22.2  - 27.4 

67.4  - 73.3 

0.93 

31 

11.2  - 19.8 

67.5  - 72.5 

0.93 

20 

7.0  - 24.0 

67.2  - 72.0 

0.94 

10 

11.2  - 27.9 

65.3  - 70.3 

0,96 

.5  (dry) 

39.5  - 55. S 

64.9  - SO ,4 

0.94 

Soil  2 

40  (saturated) 

15.2  - 31.3 

61.7  - 69c6 

0.92 

25 

11.0  - 23.4 

67.0  - 73.0 

0.93 

16 

11.8  - 28.4 

65.6  - 71.0 

0.94 

9 

17.0  - 28.8 

64  .9  — 6S  .4 

0.94 

.5  (dry) 

38.6  - 66.3 

65.6  - 66.3 

0-95 

i “ ■ ■ 1 

Soil  1 and  Soil  2 were  different  samples  obtained  from  a field  in  the  Lafayette j 
California  area.  Each  value  of  Og  is  the  average  of  a minimum  of  five  measure- 
ments . 


B.  Ice 


! Range 

Range 

“1 

^8 

op 

Op 

«8 

0.8  - 18.9 

69.0  - 73.5 

0.97 

The  value  of  6g  is  the  average  of  10  readings  . 
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Remarks 

I 

i Flat  wh;!.te  paint 
on  polished  aluminum 

17.8  - 29.7 

69,4  - 

72.1 

0.91 

? 

Fiat  black  paint 

on  polished  aluminum 
■ 

13.5  - 24.4 



70.0  - 

71.2 

0.88 

3 

t 

Meignesium  Oxide 
on  polishect  aluminum 

69.1  - 

70.9 

0.64 

3 

o^r®f*i85  ^^cf-  paint 
on  polished  aluminum 

27.8  - 36.1 

73.2  - 

73.9 

0.91 

3 

0.006" 

thick 

Aluminum  foil 

16.6 

72.5 

0.01 

1 
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A.  Results 

The  order  of  aragnitude  of  the  results  obtained  checked  those  previously 
obtained  and  published  in  standard  texts  on  heat  transfer  (e.g.  Introduction  to 
Keat  and  Mass  Transfer,  E.  S.  G.  Eckert,  McGraw-Hill,  1951).  The  smell  vari- 
ation of  the  emissivity  of  soil  with  different  moisture  contents  may  bo  attributed 
to  experimental  variation  or  it  may  be  considered  to  be  an  effect  caused  by 
filling  the  intergranular  spaces  with  ice  (or  water).  The  voids  between  the 
particles  in  dry  soil  may  act  as  small  ideal  radiators  with  an  effective  emissiv- 
ity  of  1.0.  Filling  these  with  ice  which  has  an  emissivity  of  0.97  could 
therefore  ascourit  for  the  raduuHua  of  the  emissivity  of  the  sample  as  a whole. 

The  variation  noted  is  of  the  order  of  + 2 percent  and  for  engineering  appli- 
cations, the  mean  value  should  be  satisfactory. 

The  miscellaneous  surfaces  were  selected  to  provide  confirmation  of  other 


measurements  or  concepts  regarding  the  long  wavelength  emissivity  of  these 

materials.  Thus,  the  value  obtained  for  the  aluminum  foil  coated  with  vinvl 


chloride  plastic  partially  substantiates  in  loagnitude  the  spectral  reflectanoe 
Bsasurtaaats  reported  in  x^^iOttsly  noted  Progress  Sepot^  (Gier , Odtikle 

19??)  page  45.  ProiSi  the  spefitral  the  coating  saty  be  seen  to  have  reduced 

the  reflectancQ  to  a value  bet^reen  90  and  55  percent.  The  effect  is  approxi- 
mately con5tai?.t  within  ths  spectral  limits  of  the  refleetanoe  data.  The 
emittasoa  of  this  material  ttos  0.06  -srithin  a ^^mperaturo  range  of  7.5  to  2i.4°F 
and  for  these  temperatures,  approximately  50  percent  of  the  energy  of  a Planoldan 
radiator  is  beyoid  the  limit  of  the  spectral  measurements,  i.e.  15  mi crone. 

Hence,  a qualitative  conclusion  may  be  made  that  the  effect  of  the  ooeting  is 
constant  from  15  microns  to  25  microns  (say) . The  value  obtained  for  alumisuiu 
foil  was  only  approximate  as  the  energy  omitted  by  the  sample  was  very  small, 
•3on«6-q«satly,  the  laTC.l^-sd  «as  largO:?  than  deinifedw  Aire-otiph  ©t  tHd 

error  should  be  toward  a smaller  value  than  reported. 

The  emiitances  of  white  and  black  paint  were  taken  to  demonstrate  again 
that  white  paint  is  "blacker"  than  black  paint  at  long  wavelengths.  This 
further  confirms  the  results  reported  in  terms  of  spectral  reflectance.  The 
results  obtained  with  magnesium  oxide  were  further  confirmation  of  the  spectral 
measuruments . In  the  case  of  magnesium  oxide,  the  interpretation  of  the  data 
is  complicated  by  the  two  effects  of  increasing  thickness  and  transmission. 

An  increase  in  thicknasB  will  increase  the  reflectance  by  transmission  and 
inter-reflection.  Also,  transmission  will  lower  the  value  for  the  sample  on 
polished  aluminum  and  raise  it  for  the  black  paint  background  sample.  Thus, 
the  increase  in  emittanoe  of  the  sample  on  black  paint  may  have  been  caused  by 
either  or  l,.oth  incraaaad  thickness  and  absorbing  background  (Gier  aud  Dunkie , 

1953 ) . 

B,  Use  of  Equipment 

The  only  important  ohange  that  was  feimd  to  be  necessary  was  the  replace- 
ment of  the  nylon-glass  strings  supporting  the  detector  holder  with  nichrome 

wire.  The  ayl*^n-glai«3  materiel  wau  fovusd  to  stretch  and  deteriorate  rapidly 


rns  ccn-"*.*icss  of  cpsrt.tloii.  th&l  no  further  trouble  was 

encountered . The  heat  ioesea  through  the  wire  did  not  af;f)e?.t  the  oaiibretion 
of  the  detector. 

■as  origiii&lly  planned,  the  instrument  was  intended  to  be  used  iu  tho  field 
i .a  , out  in  the  open.  With  th?  prossnt  cqfipiftent;  this  method  of  operation  la 
not  amenable  to  field  usage  teoausa  the  instrument  requires  a punq)  for  oireu- 
let-ion  of  isothermal  fluid  in  tha  walls  of  the  oavity  and  a potentiometer  eenei 


tire  to  one  microvolt  fer  measurement  of  the  detector  output.  The  instnuaent 
could  bo  used  in  a laboratory  located  in  the  field  wherein  electrical  energy 
and  water  were  readily  available.  In  this  latter  case,  the  samples  would  have 
to  be  in  close  prosiiclty  to  the  laboratory. 

The  eonveotlta  curi^iefitf  is  tha  iastriassht  tsotst  W stabilised 
manner  described.  Use  in  the  open  would  interfere  with  this  pattern  and 
seriously  alter  the  calibration  of  the  detector.  Fogging  of  the  mirror  would 
also  constitute  a problem. 

!i'he  use  of  a coolant  other  than  water  was  atten^ted.  Liquid  nitrogen  was 
tried  and  fotmd  to  be  impractical.  Fortunately,  the  presupposed  necessity  of 
reducing  the  radiation  emitted  by  the  hohlraiua  was  found  to  be  \mwarranted 
(Gier  and  Dunkle  1953).  Reliable  and  consistent  results  were  obtained,  with  a 
hohlraum  temperature  between  60  and  70®?,  The  change  in  spectral  distribution 
oetween  0®F  (say)  and  SO'^F  would  be  very  small  and  the  results  obtained  with 
the  higher  temperature  should  be  equally  reliable  at  tha  lower  temperature. 
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CALIBRATION  OF  THERMOPILE  AS  A FUfiJiTSON 
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AFFEKDIX  I 


S«rlT&tion  of  Iquatioos 


A,  Viewing  the  eanple 


Gg  * E + G ■ O'  JtofSs*8  ^ ^ (l"as)Ih 


- I^?^0  (l-e,)Xl 


B,  Viewing  the  shield 


- E Vt,  + 0-FKijT|b  - Cr  PgjjTt  * vT  - O'  + {l-a^)(J  Pju|Ti 


(T  ■<? 

W A'. A 1 


Subtracting  equation  (l)  from  (2) 


U (M-)  - 0-  (Ts.-t|i>)  - 0-..(it-iJ)  * (i-ejo-  di-iJ)-P„(r  (1-,,){tJ-tJ) 

^SM 

. ff  ^ (Tt-lJ) 

- 0-egj‘(T^-Tj)  ~ ?o(Tj-Tf)]  + 

^ («f) » <7  (4-4i,)  - cr., (5) 


The  assumption  is  made  that  • TRb=  i.«*  readings  ere  taken  rapidly  enough 
so  as  to  pr^'  l’Jde  a change  in  the  detector  temperature.  Therefore  the  final 


oqu«UJ.uu  i.v 


- 0-  S3  [(Tb-Tg)-Po(yh“Tt)]  ^ C(T^-Tj) 


where 


HH 


C « 1-F.  ■*■  "p — 

o PbM 


(5) 


y.is.c!cis  ha-n-e  tha  foiiowing  jaeaning 

C ■ eoBStaxit  definod  by  equati<^  (S) 
e * endsairity  or  endttanca 

F * gsoraatric&l  shspa  fsot-or 

G •»  i rridisticr*  is^iiderit  v.pon  t-he?TLC>pila  dsteotor 
K » thermopila  data  at  or  constant  - BTuArft^/iEV 
T • absolute  tejaperat'ii-c  - 
V » thermopile  output  - niv 

CT  ■ Stefan- Boltzmann  constant  - 0.172  s 10”®  BTU/^r 
A » difference 
Subsoripts 

b ■ conditions  obtained  whan  viewing  shield 
h ■ hohiraum 

o ■ opening  in  hohlratun  upper  surface  (siouple  surface  with  respect 
to  opening) 

H ■ receiver 

HM  « receiver  with  respect  to  mirror 
S » siMnple  surface 

X • ux>per  and  lower  cylinders  and  upper  surface  of  hohiraum  with 
respect  to  mirror 


1 ■ shield 


Batlaate  of  Btparlaaitintal  Errors 

An  estimats  of  the  errors  involred  may  be  made  by  asaimdng 

(a)  T?  ij 


A.  A.  ' ' X ^ 

f-i.  V r»/  « h S /■'P.  _ 'r*  ^ 

■*‘8  “ ^ 2"  "'  ^ '*h 


Assinnption  (a)  is  expsriBieutaily  a valid  aas^iK^ition.  AssuTnpticn.  is  valid 
’sithin  l<^ss  than  10  percent  if  Tg . This  is  within  the  experimental  eon- 

\Au,  w X vLia>  • 

Equation  (4)  may  therefore  be  differentiated  logarithmically  to  give 
(assuming  " conatant/s 


& * ^ 

K -“AV 


e. 


+ ® 


»n 


J-ij  fa.u-w 


(Th”:rTj 


'8  '“n  -^8' 

For  calibration  of  tne  detector,  an  ideal  radiator  was  used,  i.e.,  Og 
Therefore  the  error  in  the  calibration  constant  was 

de 

t 


dE 


dtovl  , , d(i'h  -T„)  ^a(lK-I.) 


K 


AV 


^ideal 

Assuming  the  following  conditions 


(\+Tj  (Th  - TJ 


(7) 


S‘ 


AV 

^ 0.20c  mv 

d(AV) 

» 0.0005 

**=ideal 

* 1.00 

^^®«ideal^ 

® o.oos 

- 520^R 

- 1/4®S 

- 480®S 

dTg 

- 1/4  °a 

value  of 

K 

^ - .0025  + .005  + 

.006 

40 

= .025 


* 2 „-5  percent 


14 


St®  ftircr  In.  tfe  rs®  srmidltio^^i  irmtlft  b»’  {ne^sEtt^  f| 

■S5fe',  ' '■* 

^'*8 

- — ■ .026  + .0025  + .006  + 0.0125 

8c9 

=»  .04 

” 4 .0  psrcsnt 

Sspeximental  rariation  in  the  measurement  of  K v&a  less  than  ± 1 .0  percent 
and  therefore,  the  error  involved  is  beiv»J\'C.  .o  iiave  been  much  less  than  that 
indicated  for  K in  the  above  an.aiysis . The  error  in  measurement  of  6g  is 
believed  to  have  bean  twice  that  in  K or  ±2  percent.  This  ia  based  upon  the 
reproducibility  of  the  results. 


